(l9)1£JM9]ttBr?f4t«RM 

(43) gpg^MB 
2005 ^8 ^ 25 B (25.08.2005) 




PCT 



(10) Hl^lfflS^t 
WO 2005/078829 Al 



(si) mmms-ftw 7 : 

31/04, H01M 4/02, 10/40 

(21) ffl^tblUS^: 

(22) H^ttiMB: 

(25) mmmmvafi: 

(26) mi&'£fflO)Wf§: 



H01M 4/58, C01B 

PCT/JP2005/001775 
2005 *2fl7B (07.02.2005) 



(30) ^5fe^T-*— 

4#JSl2004-03 5207 2004 ^2 ^ 1 2 H ( 1 2.02.2004) JP 

(7i) mmx(mm^<-^x<Dt^miz'Di\x): =mit 

^fcfc5£#*± (MITSUBISHI CHEMICAL CORPORA- 
TION) [JP/JP]; t 1080014 S^lfP^IS^ST S 33f 

8 Tokyo (JP). 



(72) as<fctf 

(75) fg^#/fflg|A r^HlCOLNTO)^;: ^Jl£? St 
(UONO,Hiroyuki) [JP/JP]; T3000332 W8MMfbMm 
JWT**AT1 3f 1 *4*£*4± = K4b¥ft¥&fl!r 
W3?-tz > £ — Pi Ibaraki (JP). UU □ Jfi* (YAMAGUCHI, 
Keita) [JP/JP]; f 3000332 3?*«ttfliifeffl5|I6r^,Br**-'V 
T@3#lf «xe#*±Hg(b^f4^affiP5S-tz > 
£ — 03 Ibaraki (JP). J6 ^ (FUSE, Tooru) [JP/JP]; t 
3000332 XttJMMkVHJIJIritiftATg 3# 1 
*#a = *<b*»*ft«WJe-fe >* -rt Ibaraki (JP). 

(74) ftSA: Kffl * (SANADA, Tamotsu); f 1800004 MM 
«K*»ffi^*M£*in Tl 1 OS 3 1 #S»#l£ 

3lt:JU5PttTokyo(JP). 

(81) tt£Bfa*a&lMR l J, £T©«!Ha>Hl*a««i&< 
nTtl): AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 

/*fc36*7 



(54) Title: NEGATIVE ELECTRODE MATERIAL FOR LITHIUM SECONDARY BATTERY, METHOD FOR PRODUCING 
SAME, NEGATIVE ELECTRODE FOR LITHIUM SECONDARY BATTERY USING SAME, AND LITHIUM SECONDARY 
BATTERY 



(54) ftHasffe 'j*^A=3fcm»fflft«*m;Rtf*a>»ftsa, ikxfiz*ti&m\.*tz i j*'5J*=.xnmmfim& 



Ca) 



(b) 




OS 

OO 
00 

IT) 




• JHffiK (D) 



2 

• SU3JJ (E) 



1- GRAPHITE (D) 
2 -GRAPHITE (E) 



S (57) Abstract: Disclosed is an excellent graphite negative electrode material for lithium secondary batteries which enables to obtain 
a lithium secondary battery which has high discharge capacity, high charge/discharge efficiency, and excellent load characteristics 
when 
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used at a high electrode density and also has small electrode expansion at charging. The graphite negative electrode material contains 
a graphite composite mixed powder (C) composed of a graphite composite powder (A), wherein a graphite (D) having an aspect 
ratio of not less than 1.2 and not more than 4.0 and a graphite (E) having an orientation different from that of the graphite (D) are 
composited, and an artificial graphite powder (B). 
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[0086] gp^, ^mm<D^mun^mmntL-x, nmmgt&i. 63±o. 05 g /cm\ sp-^ 

, 1. 58g/cm 3 ^_tl. 68g/cm 3 ^TO$BHrt^^J:5^m*^?f^brt^, 
^(Dm^^SBBlRlJtf*, il^O. 07^_h, tfj-e^O. 09£*_h, Hl-fctO. 10&L 
_L, a^O. 20^T, tpXhO. 18J^T^ Hi-W). 16^T<£>£&ffl^&5^t^ 
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[oo87] ^-c, mm<Dfe%mm\tnitkte, wm^w-^^Kn-r^, m^^nmm 
[0088] (Dmm^m: 

uiKt^^K^y^m^r^o ^<Dwm^so°cxm,m^tzM. wmmmmm 

SrBfcOflSl. 63 + 0. 05 g/ /cm 3 (^§J;5^V^^T^5o 
[0089] (2)m^)MM\^lt(D^m 

x4¥MW^ry>vii^m\^x^^T4>^i-^tKX^—^m^n^ \ (no 

frim/ (004) mmttmxmt>i5tiz>itm&ww,u mm^myommtttm 
[0090] ~~x<Dxmmffimfe^i*fei!k<vm<9Xfo% 0 r2 e j tttn$ff^^i- 0 
•^y^h : 3§t^y^=is, g^y^i—o. imm, mi^yh=m-wmm 
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(110)® : 76. 5^20 ^78. 5i£ 0. 01&/W> 
(004)® : 53. 5^20 ^56. 0. 0lS/3# 

_h|B(Z)^^j;«9, mm^&l. 63±0. 05g/cm 3 i/^j;5^7T^b/cm*i-o 

[0091] <y^f7i=s-^:«Mi:bfci:^^*^*> 

5mAh/g.£A_h N 4^350mAh/g^i:<D^H^;fc£-^W;£bl\ M^*^ 
[0092] ^#:^^m^*<^a>J^fe^oV>T#^^J^^V>^^sp^^^^ 

^mmtvx^u^-f^iy^dtj^isBK) t&m&uth<D&m^z>o ^^?mm 

1. 95g/cm 3 £l.T£-f-3o 

[0093] ^mw*<Dfp«^, ^ftiLfctstov nt, ttmiz&mv t ?v&&m^ft2m 

2i^3^yt;KDtjSt}iftf*efc5^^ MEC)£ 
i^^vV#— afcfc— h(DEC)i!^ flCgfJtTDEC/EC=l/l — 7/3£&5£5&- 
®£*Uh$fr^au Xte, 31^^— htx^f;^- h(EMC)£ 
Sr. #3«JtTEMC/EC= 1/1~7/3£&5J:5 ^m^Lfc^$cSrfflv^^ 
T#3o 
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35 ix m©#y^l^^>— hSrfflV ^r.^-C#5 0 
[0094] ^5b-CfSKbfe2«S?a>r>^fe/vSrfflv ^T^BrtffiWftStfrfci \ JfeS^iSr^fe 

U Hfc^ 5mV©- ^mffi-em^tft^o. 02mAlC5&5*-e^S«U ^* t t , ^y^»? 
ASrK— T'UfcgL 0. 4mA/cm 2 ©tMStyf^Atil^Ltl. 5V£-C#C 

[0095] [2. y^^A-2femmffl^ffittJ|SfO®l5t^«fe] 
Cm^m^ft:^^* (C) ©JBitff ifc] 

[0096] gp^, HI&S (D) _h^^^LfcT^^hlt^«*t^^B^i-§ri:, ^ 

[0097] ±m<Dttwx.Tfmm#iflr<Dmmz£<ox, &»m&tm&&M (o ^#^3 

[0098] JUfclft^te:, Mfp v «^f*^te(C) » % WTl-^tf oOjKat^^^^o 
[0099] (Kat^feD 
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m 3 ^_h, 1. 35g/cm 8 E*T^fc3HI&®(D)£«ril^U i^lA^lf^ofci, 
[0100] Irtefrib, mt(E)^t;All«(B)©Jgf^51MI H |fff#:^ M 

[0101] ^*d\ M^^fff^irbT. #^<^WWM5M*%W-h, 20fift%W 

[0102] (mmjtm) 

£lTXh<0, ^y7°mm$0. 7g/cm 3 J^_h, 1. 35g/cm 3 ^T^fc3llJ&Jf (D) £: 

(A) ^ A5tM#&*&7fc (B) SrjB^Srfcfc: ±rj, (C) 
[0103] ^ax«^(-J:^«^^^tV^»fflv>T, IM^t*(A) 

ca) ir, rtL<h^sij^m v «m^^#^fcAitmi&^(B) 

[0104] [2-1. Mi^ifel] 
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[0105] <mmms:> 

[0106] _h^(Dtv^^-efeoT, ^/y^F^^^r #^M.S£*t&v ^ 

, Oli%^T, 0*L<«1. om*%WT. £bK&HL,<teO. 02M*% 

K^y^?ni/<Dmmn^mwLW£*7vi?mxm, ^.n^m^^bm^tm 

mmimmm. m^sm\^mmm^mmvxhx^\ 
[0107] Kmt&mm&tfe&mmfcnM^ 

5o ^(D^m^mmM^y^Mmbm-^bb-rho ^(ommMm^^wMW- 
vm$:m®\mmirz>z.bftx%z> 0 imi^i b »i^*w#i 

^b-cte, ii^, ?kJSi, ^yfy, -7-^^^^, r^h^i?>\ tv^n^w hfri&o 
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[0108] &y^m#m<D%k(DM8t4kwr£. mz.mm£tvte\,^ M^-3oo°c^_h, 
[0109] tv^^a^T^5B#r^«, #«jps$^v>^, M^iu#r H m_h, 

[ono] tv^Ms^T&^m, ii^f©^^tt^#HiT, xra\ tv^j^ 
/mf, 3r—y?^—-7*m<DELfom , (=1— ^jjttatos^awxeif 
[0111] < m^mmm^mm^ww^ > 

(D—&xte£.mmm-&~r, (d) ^^sm^^ttfig^^m^bb^ 

M88 1 2 ^^^fc^jfe^ffl V ^^t?t3 0 

[0112] < m^mmm^wm^mh^ > 
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[0113] <f^Mfflm«^^tt).|g#:»^#> 
[0114] tf^§M&ffl&-J:oT#k;fr£l^^ 

tons] mmm\^mm^m\m\m&t*\^K Mt«, ft^M^r^A/if^/v, 

mt\^X\tn—;V^y^—^ ^^—^/vm^m-fhfl, 
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5/k »$/k tfv^K v^yh^m&mfbtiZo 
cone] < m^m^m^nM (o > 

(D) tl«iIII&gf B tfiif (E) £ A3tlM&*tefc (B) £ 

[0117] < (D) ir^^aiii&M^tif,IE#:i:^^#J^> 

tBMMAttr ^ff fc5!M&© (d) m^aM^^ffri^^^^t 

f*30M:%£*-L, H^0*b<«4Om*%^_h, *fc, ii^80m»%^T, 0*L- 
<«7om*%WT^5J:5{- J ff*5o TKK&TISS^ S#«<a^il£**(C)* 

[0118] <^> 
[0119] <i^SA> 

«^am»j($s^w^^iBxtti^r«-^^«tf9, m&sr (d) £$wbub 

[0120] i^lA©iaS^#tt, #tOfjlJPg£;h^V^ M^300°CJ^_h, 0*L<«4OO < C 
J^_h, M(-0*b<^45O°Ci^_h, M^650°C^T, ^L<«600°C^T-e 
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[0121] lMlA^T*9BtFltt, #^M£toV^ ii^5#W_h. £?;£b<te20^ 

[0122] s^sa^ ^*^#o^?gtt^#H^;T, xit, nm-x'onmiti.tcm^i 
[0123] < m^am^^tf].iE#:^»^ii ; m^aA(Df^#^a > 

[0124] ~<DRW%kmkvx<Dm%±mn, mmmzn^^h m^2oo°cu±. 

«25o°cw_h, ^ ii^-45o°c^T^ ^^^oo^^T-etf^^o nm^m^ 

[0125] *fc, ^omwp^ #»jrr$^v^^, ia^3ow±, $?*l<«ir#^w 

[0126] ^(Dft#^a«, m^, mm?f*m<v^v£nm^T, xn^nm^mt^m-m 
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[0127] 

[0128] #^$IJPS$tL^V ^ At m^_h, 0* 

&xt?£>#£ca<0*L<:fcv\ > 

[0129] J^#MV^^e(cloV>T#«J|5g^V>^, fljfcfi, a^W^LTfi^a-^ 
[0130] <i^SB:M> 

[0131] m^n^m^um^mt, mmmzti^^K m^6oo°c^±, ^s-ixt* 
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[oi32] m&&. mm#xt$<o7fife&tfx»m&.~r, x\t. n&WL,ftm&&&m&mi>* 

[0133] <!&#ySB:||#&>fb> 

(c) w (i) ) &m>z.t&-T*%Zo 

[0134] m^Mk^f^5^?aS^#J*, #^f»£tl/£l^ ii^2800°C^_h, 0£L 
<te3000°CJ^_h, *fc, M^3200 C CJ^T, 0*L<fi31OO < C^T'CfcSo ItflB^ 

[0135] m^t^n^m^^mm^mmm^n^^K mmo^^Mmmx^, 2 
[0136] mi^ ^ Mb^ffli- ; 5^m^b-cf^#^c$lJPS{^v^^ N ^tjxLfi, tgitr, r^y^ 

[0137] [$Sl5£2fSfc2] 

[0138] < (A) ©S«t2fifc> 
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[0139] < xm^mM (b) (Dm&^m > 

[oi4o] <m&> 

z.<Dgt&tm&m*3i (a) bAmmm&M (b) srjBt^i© rm^j -eji v 

(a) t A&mmnM (b) ©jt*«, n^m^ft^ (a) txm 
mem* (b) ©-a-w-i^^rrs A&m&tim (b) cDMit^re, ii^2«% 

$&ffl£Tlil5£. A^afp v m^(B)(DfiJ^^^^^^^ ««(£Lm^*a?&tf5 

[0141] <^(Dm<7)%±n> 

[0142] ^»aiMV^^«i!bT«#^MPS^^V>^ N &^M^^tf<DWr& 



•M&£fifa\ wi&&$fo\ tim&$fr\ mm&8fa\ &&faM&&i&<om- 
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[0143] [m v ^#^^ (C) (DMitm^^a] 

m^ra^nm M^ft^f^Ji, ^«t:fo @ gij 

^m^m^. z.ti&&&tm&fcm-&m3i (c) <Dm$rx-hz> x^mmm^. (b) o 

[oi44] [3. v^j*r.ykmmmMM] 

^mm(DMmm^mmwt^x^mir^m^wm^m^±\mmir^t\c 

[0145] ^m^mBit, nma^ft&*ox$mirti}t£\,\ m*.t£. &mmmnK. t&m 

K^uxL,xmmmkirZ)jjW;&mfbtiz>o ^ ^mM^mumz-Mx-x, m 

[0146] &WM<Dmm^ 45g/cm 3 ^_L, 0*U<«1. 55g/cm 3 J^_h, 

IX tel. 6 g/ /cm 3 ^_h^«i!, «J6©*SdSltJp-r5©'C^*UV\ )&*5, «Jg 

^-noc^ix^, /jfyxfky, zKy^nfcW, ^f-X^ir/^s^i^ ^ry^V^=f A 
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[0148] m*mtvxte4k&<Dh<DZ&mKmmsxm^z^b&^%&^ m«\ 

[oi49] mmutvxn, mxu^y^m^muni^yr^hx^—^y^y^ 

[0150] MmmMm^(DUMtL-x^ m. ~^/vxfe^isuxm$mfbtiz> 0 
mm&msn?m^xi>£<. 2m^±^M<Dm^t>-^Rx^itmxmmvxh^ 

[0151] [4. v^v^—tenm 

^mm^mmm, mm^mmconnt^xmmxh^o m^. y^^-r^ 

tt&mwffl0i&mfy&ttxmmjt&7k&r.&nmtes ^mm^- 
&mti. m&rx<Di&mi^tf%mm<Di&ft\±RmmMm>m<. m$b*mmi& 
[0152] z<D£?t£v^vj*r.fcn?&&m&rt'?>jEm, ww&<ow&m&±M&%:%m 
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i$.m~f-Z>Z.b&^% 0 Mtfcfftia^ LiFeO , LiCoO , LiNiO , LiMn O RU^tl 

2 2 2 2 4 

h<D0feitik-&%>), MnO „ TiS „ FeS .NbS.MoS, CoS , V O , P O , CrO 

2 2 2 34 34 22525 

JO, TeO , GeO f lrfflV>5i<l:^r^o iE«(DM^&«#^$lJK^-r, 

3 3 3 2 2 

[oi54] iE«immm, mz.t£. mmm^x<Dmmmm^^xmm^mm&m^ 

&Z.b&X^% 0 Mtfcmn^ AU TU Zr, Hf, NK TaRXfZ.foh<D&m&^&&& 

[0155] mmmtvx^ mmm^mi^mmm^b\ &m<DmMm&m\^bftx%z> 0 
[oi56] m^^bT«, m«\ #7K^^^^a^^b^cDMvN6^^^-e#6o 

ftjfcftU LiCIO „ LiPF „ LiBF , LiCF SO , LiN (CF SO ) „ LiN (CF CF SO ) 

4 6 4 33 322 3222 

, LiN (CF SO ) (C F SO ) N LiC (CF SO ) frhtst&Mfrhm#l&frlZ>l £k±.<Dik 

32492 323 

[0157] 4¥^mmb\^X\^ mx-U, a^i^ofr— al?*— K ^ntV^-^-k ^ 
tvK Z-^tV^rVyMyn-yyl/^ 1, 2-i^vV7 L h^fcKn:7^>\ 1, 
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[oi58] #7K^m»«^, ^^p»i«4mb^»sr^*&, y/^xtt, =* 

^\\^m<D^m\\Lm ■, ^y^t o ^p/vtKy ^ ; ^y^^x-ev ; *h y vn^ty ; ^y 

fr^k&m;tfv ( co-^h^^ty^^^i^^^y w , ^y ( co-^h^v- 
^-y^dr^^u^^^yi^— h-co-^/^^^y^— h)#(D^y-^— 

[oi59] ±^u—?<Dwm^ftmfemz.mm£tvfj:\\ ±^u-^AEmtMm>mmm 

[0161] y^->i»-^«)fe(DM^feW!J^tf ^o_h^m 

[oi62] w^tf , hmmx,x$±/<u— ^^^v^ 
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[0163] i*mm<D&mttmmtiiznmmz&^mMnttj:zmmmm 

m>mmbti&m&i^ ^-ri^m^xnt^^K &.<D£5icmfe&tv& 0 
[dec *mm<DikmttPHi) . whm^m^u^-m^ic) ^ ^mm<, ±ib<o 

«(e) b$m&ikL>x\^bx\ &mmmfaiti>m<&m&'b£<ti:z>o 
[oi65] ^ *mm<D&m&w (id , fiP* > M»«-a^a^»* (f) _l3£©im&«£- 

[oi66] mmtttmKtzm<D&mb(Ditmi'Z\ ^mmmw^mm-r^ 
# (b) #^ltv ^miz, ^mm&m&iWm (c) ©js&srrn^n— /w-s^t 

m^^mm%mzirzzbfimMx»foz&^wkm&3b'ofc 0 mx.x, iiw^i 
©m^^^«> mmrMmMmx^h^m^^^mm^h^tco &&&& 
(Dmm (c) ^m^hmmir^b^<mm^xm, BEmnBiiiim/gjiiT 

[0167] ^tt^^-LT, ^iskm^ t&FW, m,^(Dmmm^nM(A) A5tm#& 

fc-rzzb&vsm-e&y, BKTitmmm<Dm^^^m^n^(A) b, bet 
itmmm&m ^x^mf^n^ (b) oa^bfrsri^^t, BEmnsi© 
mm&vjmbteZo 
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[oi68] uTK^mm<DmmmK^^xnmir^m^ ^mmi-i^xr^mmmKXox^ 

[oi69] mmmn 

[0170] JifB^M^m^^BHilI^^^, ^7^17/zm, T^^Mfcl. 9, *y 

[0171] '(D|^Mam^^tt),IIK#:(7)^fe^^MM(7)^^B§*, MM(DmWX 

[0172] #^fc^^r^^A^ «^^-c^^#ffl^T, iooo°cxmmmmv 
fto mmm-zm^^mmxfcv, mm, mm^^^hn^^t^ 

-e3ooo o c-e5u#rB^4tT^r 0 Mt:L, mwrf*^$^(c) mteMKD&mu 
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[0173] mhfitzMmmi<D^m^Pr(Dm^m^vk.h^^ ^r^mu. 5 n m, 

[0174] Hf|fEfB4fe(D^jlR^^V \ l3fei»^ffl^tSM^^^ (C) 60 

m mmm&fom&mM (o ) {c^nzmm&fcm^ (a) ^§^^55^*%, 

A3tmm v * (B) <Df iJ^«45mft%-C*?ofCo 
[0175] HWSl^fW* (A) &TJ*Ai£#l#&^ (B) <D&* (Dm^m^itt^S 

A3i!M&*&* (B) ht, ^T^I8. 5 /i m-efeofc 0 
[0176] ll»Jl(DAffitt^f(OM^ti^X^IlIifrfe^Ta!l^bfci^^>, d =0. 33 

002 

57nm, Lc > 1000 A (lOOnm) ^?&o7c 0 

004 

[0177] ^Jfe^l<D^«##4^fflV>-C, TfE^?*«o-C«S^Sl. 63±0. 05 

[0178] *fc. ISJfem©£^*fcSrfflvvT\ TIBo^ifetc^eo-cy^A— ?fem?6S:f^K 

Hiffi^J i o^ffiTO o^ttofF i-3 ^i~ 0 

[0179] <mwM^> 

^^^«W^i-^bTCMC^t^SBR^^ti,Wima%^*§J:5i-^m# 

[oi8o] ~(Dmm&8o°cxm^f^mm&&(mf&$&<)&i. 73±o. 05 g / C m 3 ^ 

§J;5^^V^^f^ort 0 ©t® ^12mm * ©iimit, fiA£»9 

[oi8i] <yf^r^t*M*fe> 
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7;Wy#ffl^T-C\ tgtibtxf ^y^-^-h (ec) / v?xf 

/Kft— h(DEC) =l/l<D?||-^^$^L/-lM-LiPF m^ffc, -fe^ 

6 

[0182] <^«^ft(DSlJ^&> 

0. 2mA/cm 2 ©lMgt!Jf'?A^i(^^LT5mVtt^tL, Hi-, 5mV 
O^^«ffi-e«^S:^0. 02mA^§*-e5 ! Emb, Jl^^y^A^R— 

[0183] <^maj*»f+#^fe> 

73±0. 05g/cm 3 

•^*^tJ*(%) = {^[U^C«W*(mAh/g)/^[Hl^E«^*(mAh/g) } X 10 
0 

[0184] <%mmm^(DW\^m> 

{ (^E««ffij¥^-7V^m«i?^)/^ P ^«M^} x 100 = 
[0185] <^##te(Dfh#^&> 

•®|6ftflfl. 73 + 0. 05g/cm 3 

•2C^«^i(mAh/g) :7. OmA/cm 2 (^m^S^«LfcB#(7)^m^i 
•0. 2CM^*(mAh/g):0. 7mA/cm 2 (Dm^iS^mb^:B#0^m^* 
= {2C£km^*(mAh/g)/0. 2C^^»(mAh/g) } X 100 

[0186] [Mmm2\ 
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&3g^i$<D&3s&f?&i\ n»«-a^a^*(c) (^«©:fi«*m)&#;fc 

o 

[0187] #t>tbfc^lfe^2©^«*t3|B[-©«>i4Sr, ^W!H^N#^bTPJ^Lfc^^, ^ 
T^#20. Ojum, fyf&gtl. 20g/cm\ BETJtiSil. SmVgtfcofc, * 
fc. ^W!ll^l^#^LTX^0|lf&^T-^<DM^tt^S!l^U7b^^>, d =0. 33 

002 

57nm. Lc > 1000 A (lOOnm) X?fcofc 0 

004 

[0188] H»J2(D (C) ) lC*5»t5 jpM&*-a^ 

(a) s.t^ A5tmm«&* (b) (D^mmvtct^ mmm&fc 

t&7fc(A)tt, ^v ? T^#22. 3/zm, T^^Wtl. *fc. A3tlM&*tefc( 

B) ^T>&7. 1 ju m-Cfcofeo 
[0189] HM?!l2(D^ffiTO^oV NT, MfpMbXm^m ^*3lt5H#&^^^«&* (C 

01(a) fc^T„ 0l(a)©ft^|rffi^it«f(D)l«fi(E)©^ 

^^^i-^H^Hi (b) m^r„ mb, ^(D^Mi^m^m^ii icovvrtaw 

[0190] £fc, ISffi^2©£**tmrfflV vC. H*g^!jl^lWI#(D^)lRTmffi^Mb, Mm 

(Dl&toMmfaik&ijtibitbz.^ o. i5-e&ofc 0 
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[0191] imMM3l 

ttmm§&(*i/T>&17. Oizm, T^^bitl. 9,^7°^Sl. Og/cm 3 )<Z)l 

[0192] nhfitcmmim<D^mnPt(Dm^. mmmitmm^xmmv±t^ *v 

T^17. 5jum N ?y7Q§3tl. 16g/cm\ BETit^ffi^2. 5m 2 /g-efcofc 0 f 

ft. mmmitmm\^xxmmmmKx^(D^^mmvtct^ d =0. 33 

002 

56nm, Lc > 1000 A (lOOnm) ~Cfco/c 0 

004 

[0193] ^^3(D^ffiTO (mi&^mM^* (C) ) * K&tfZB&m&fcB 

is^f»^(A)^73ma%. A3gm v ^(B)^27mft%-efeofc 0 hi-, urn 
m^f*te (a) Rxfxmmmn^ (b) <d^* (»tt»j^uc£^ m&ig^fr 

B) te, ^T^S. 2 ju m-efeo7t 0 

[0194] mmm3<D^mm^m^ vt\ n^^i^iwi#(D^jiH-em*^Mb, 
M3©^«M»©i-!fett©ffiis^^ 1-3 K7jk-r 0 

[0195] [HJ6^4] 

^^m^t^X^T>^21. Ojum, T^^hJt2. 4, ^y^m&O. 9g/cm 3 © 

v \ ^fi^m^mm^mmi^BMRri^mm(D^mmicMvx5o 
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[oi96] nhtit-mmm^^mm^m^, mmmitmm^xm^tit^ 

TV@22. Ojum, ^^Sl. 10g/cm\ BETJfc^ffijgfl. 7m 2 /gt^ofc 0 * 
fc, ^^Jli:lKl#^bTXJ^IlI$ff^(3:T^:(D^^tt^^b7h^^>, d =0. 33 

002 

56nrru Lc > 1000 A (lOOnm) ~C£>ofc 0 

004 

[0197] *fc. ^FU4^^«™ (H^g^il^*^ (C) ) * tC*5»t5IM&4g-a^M» 

«^te(A)^58m*%, Aitm v fe^(B)^42m*%-e*>ofc 0 jeku mm 
m&fanM (a) &^A5tn#&^ (b) <d&a (Dm^mm^tct^ 

B) fi, ^T^IO. 2 /z m-Cfcofc 0 

[0198] ^ ^ife^4(D^*#»fflv vt\ mmmitmrn^mmx-mm^mu mm 

[0199] [H»!|5] 

[0200] #^n^njfef?!j5(D^»ffi(D^tt^ N mmmitmm^xnmi^tct^ ^ 
fc, mmimtmm^vxxMmmmzx^<Dffi^&mfeisfcb^ d =o. 33 

002 

57nm. Lc > 1000 A (lOOnm) ~Cfco/c 0 

004 

[0201] *fc, ^«!j50««lSf ( C ) ) ^*5(t^Mi01S^f» 

^(A)RTfA&mmn^(B)<Dm&z, mmmitmm^xmim^±t^ mm 
m&fcmM(A)tf53MA%, A5tmw*(B)^47m*%-efeo/c 0 h#& 

*-a^3l»* (A) AatlM&*tefc (B) (D&x <omm:W%Ut.lZL^ 
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B) f3u **JT>WT. 9 n m-efcofCo 

[0202] ^few^rii^isf&fflvvc, n»jii:iKi#cD^jiH-e«ffi^Mu, 

»J5©iW»©#»tt©fFigf^ 1-3 ^^i~ 0 
[0203] [HJfe#j6] 

[0204] nhtit' i mmme>co^muPc(Dm i m:, mmwntmmicvxnmi^t't^ 
tc, mMimtmmKvxxMmm£Kx^<Dffi&\±&mmisfck^ d =o. 33 

002 

57nm. Lc > 1000 A (lOOnm) ^?<feofc 0 

004 

[0205] *fc, mmme^mum- m^m^m^m^ co ) ^ ^tf3Mfn v m^H» 

«1^fe^c(A)^52M%, Aitm%^(B)^48M%^&ofc 0 MM. H#& 

(A) RXfXmmmn^ (B) <D^* (D^tt^^U^^ H&^ft: 
*&5fc(A) ^^^19. 3^ m, T^-^Mt2. l"efeofc 0 Aitli#&*ft*( 
B) te, ^T^?. O jit m-efco^ 0 
[0206] ^«<D^l£#*Sf£rffl V vC\ I^Jfe#!|l^lII#(D^JI|ST*m*^^b, 

mmm6<D^mun^m^^x, mmmitmm^mmxv^j^^mm^ 

mmm6(DMmm(D^^(Dwm^^m 1-3 ^i- 0 
[0207] mm^m 
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mmm&m&M (a) &&it> nhtitcm^m^n^ (a) (ommrm^vitt^ 

[0208] ^W!jli:^l#O=3ryy^W5>^0. 05M£%£*T©=— /V*— /Mfy^ 

[0209] ^©M^fittr«Bf*^^^JR5i©*«l!:St«)^ »^©«^-c^3(f^^tifi 
[0210] mbtiit&ttm&KtJti. t^^^rf*#HMT, iooo 0 c-em#r^«b 

fee 

[021 1] ^_b(D^|R-C#e>ti/fcHI&^^«&^ (A) 50M%£ A5£M#&*&* (B) 50Mft 

[0212] nhtitzmnm7<D^mttPt<Dmm:, mmMitmm^xmmv±t^ *v 

T>fel5. Ojum, ^yZfm&l. 15g/cm\ BETJt^Sil. W/gtfcofe, * 
fc. IIWJl^lII^^LTXaimiFf^^T^^^tt^^Ufci:^^, d =0. 33 
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56nm. Lc > 1000 A (lOOnm) ~e&ofc 0 

004 

[02i3] ^ mmM7<Dikmttn&m^x, mmmitmm^mmxmm^mu mm 
(Dm^nm^t^M^fct^ o. 07x^t- o 

[0214] mmms] 

^#18. 2/zm, T^^WfclO. 1, ^^J^O. 41g/cm 3 ) ^50fiA%^^Ut 

iM^^f*^*^ (f) mmm8(D^muntvxm\ ^ 

[0215] [HJS$J9] 

n»-ii^^#^^SL^mi&m^^^(c)^, ^mmnmc) (^r 

>&18. T^-^HtlO. 1, #yzf&8t0. 41g/cm 3 ) ^30m*%^Lfc 

J^ISl^^l^ (F) ^»<J9<DJ| W#4i:L-rffl V 
[0216] [^W!llO] 

^23. O/zm, T^^Mt2. 3, ^y^m&O. 98g/cm 3 ) ^50fi*%m^bfc 

[0217] H»!l8, 9, 10(D^ffiTO©^)tt^»!)l^^#^LTS!l^b/^ o H»!j8 N 9 

, lOco^mun^WW^^Mi— 3^i~ 0 ^tih(DmMmco^WMPc<D 

m&m (d) , m&}&&tmM (a) , A&mmt* (b) , m®m&ftm&®M (c) 

[0218] [Jfctfcfcll] 

jtue^i i ra\ ^2M7£ mm^mxh^K m^n (d) srmaic (e) «t 
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[0219] «T©#«S-CA3tM»»* (B) £#fc c 

#feh,^*&#S&fcA*b, «^^T^^#H^T, 1000°C-C 

fl^lttMbL, A5SIM&*&*(B)&#;fc„ '(D^O^v ? T>'^«12. 0/imt" 

[0220] ^_h(D^JlR-t?#fe^fcM#&^* (A' ) 50m*%^Aitm^^ (B) 50«%£ 

[0221] #i^fclfct2fm<^fl«^ 

^16. Ojum, tr-yft&Sn. 20g/cm\ BETJt^ffi=®2. lm 2 /gtfcofc 0 £fc 
, ^Jfe^!ll^l^#^bTX^im^^T^:(D^^^ffl!|^L7^^^>, d =0. 3357 

002 

nm, Lc >1000A(100nm)^feo/c 0 

004 

[0222] *fc, jtt5E^iio^®H-^ffl v v-c, mMMitmm^mm-emm&fEmu mm 
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[0223] [tb^!|2] 

[0224] #btb^ittfe^J2<D^^^(D^^||^Jl^|l)#^LTiffl^L^^^>, 

^#20. 3/zm, ^y^m&O. 62g/cm\ BETJt^ffi^2. W/gffcofc, £fc 

, mmmitmmi^xxmmmm^x^^m^vtct^ d =o. 3356nm 

002 

, Lc >1000A(100nm)-efeofc 0 

004 

[0225] J:bK^2(D^»ffi (m^S^^^ (C) ) * lC*5it«IM&1fi^#3|^ 

«-^f*te (a) A5£mm*&* (b) <z>#* (Dyo&&wmvtcbz.^ m&tm&fc 

(B) t^T^S?. 5 ju nre&ofCo 
[0226] S&u J*tfc^©£«tm«rfflV vT\ ^J6^Jl^lU#0#MI-e«^Srf^$SlL, f£® 
Wmfalt&Mtbtit^, 0. 

ttWJ20^^©#itt©S«^i 1^3 i^i-„ 
[0227] [itWJ3] 

[0228] mhthtc.^m3(DMmm(Dm^mmmitmmK^xm^fct^, ^jt 
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>^S23. 1 jum. ^y?°m&0. 51g/cm\ BEmtBil. 7m 2 /gtfcofc 0 

, mmwntmm^xxmm^mKx^i±^m^tit^ a =o. 3356nm 

002 

, Lc >1000A(100nm)^fco/c 0 

004 

[0229] ^bK^3(D^ffiTO ( Ji&m^{«1^* (O ) ^ l^ttSIII&lg^fm 

m^f»^(A)^57ma%. A3gm v ^(B)^ 4 3m*%-efeofc 0 hi-, mm 
m&im^ (a) ^tFAjtmm v * (b) <d&* (D^mmvtct^ mmm-st*- 

^ (B) fit, pW>^7. 8 v nTC&ofco 

[0230] it^j3(DA*tt^fflv^. iiiftm^ii^jiim-Tms^Mu 

lt^J3^itf^©#^lttOff|l5^^ 1-3 (C^i- 0 
[0231] [Jfctfc094] 

£ iMft^^A^ IM&^^fiSl^ LT50m*%^b. (D 
t--CSiJSbfdii^#^o ro^^cl^SA, M\ m>& 

[0232] [Jfctfc095] 

[0233] #^>tbfcit^j4, bcD^^MW^^^IIJfef^l^lWl^^bTSiJfebfCo 
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[0234] [^1] 







mmm&fc&MA) (mmm(D)^-(E)) 




* htt 


mm 

(g;/cm 3 ) 


(u m) 


9 hit 


(g/cm 3 ) 


in m) 


mm 

(m a /g) 


tm 

(n m) 


lift 

(m2/g0 


mm i 


1.9 


1.0 


17.0 


1.2 




19.5 




8.5 






1.9 


1.0 


17.0 


1.8 




22.3 




7.1 




^J&S0tj 3 


1.9 


1.0 


17.0 


1.8 




19.5 




5.2 




-Mmm 4 


2.4 


0.90 


21.0 


2.9 




23.0 




10.2 




USE^j 5 


1.9 


1.0 


17.0 


1.4 




19.8 




7.9 




mm&\ 6 


1.9 


1.0 


17.0 


2.1 




19.3 




7.0 






1.9 


1.0 


17.0 


2.3 


1.1 


18.5 


2.8 


15.5 


0.7 


HJ^^J 8 


1.9 


1.0 


17.0 


1.2 




19.5 




8.5 




3U5fa0tJ 9 


1.9 


1.0 


17.0 


1.2 




19.5 




8.5 






1.9 



1.0 


17.0 


1.2 




19.5 




8.5 




it«0»J l 


1.9 


1.0 


17.0 




1.2 


16.8 


2.3 


12.0 


0.6 


Jt«0J 2 


10.5 


0.40 


20.0 


13.2 




19.0 




7.5 




JtftW 3 


25.1 


0.30 


24.0 


22.3 




25.2 




7.8 




It&ffl 4 


1.9 


1.0 


17.0 




(386) 






Jtttfl 5 


1.9 


1.0 


17.0 




(&) 
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&2 







(g/cm a ) 


(m 2 /g) 


WE ft 
(// m) 


(n in) 


I' C 0(14 

(ri in) 


'Mmm i 


1.20 


2.3 


17.5 


0.3357 


100^ 


Mmm 2 


1.20 


1.8 


20.0 


0.3357 


100^ 


■%mm 3 


1.16 


2.5 


17.5 


0.3356 


100^ 


%mm 4 


1.10 


1.7 


22.0 


0.3356 


100< 




1.16 


2.4 


18.0 


0.3357 


100^ 


'Mffii&l 6 


1.22 


1.9 


18.0 


0.3357 


100^ 


-Mmm ? 


1.15 


1.4 


15.0 


0.3356 


100^ 


mmms 


1.20 


2.3 


17.5 


0.3357 


100S 




1.20 


2.3 


17.5 


0.3357 


100< 


10 


1,20 


2.3 


17.5 


0.3357 


100^ 


i 


1.20 


2.1 


16.0 


0.3357 


100^ 




0.62 


2.1 


20.3 


0.3356 


100^ 


J±&f*iJ 3 


0.51 


1.7 


23.1 


0.3356 


100^ 


ttmm 4 


1.19 


2.3 


16.3 


0.3357 


100:2 




1.20 


1.5 


16.0 


0.3357 


100^ 



[0236] [^3] 



St 3 





mmm&&m&ffim(c) (M^^*{A)+AjtiM^(B)) 


I r^j irt 

ImA/h) | 


(%) 


(%) 


{%) 




i 


350 


0.17 


91.1 


87 


23 


o 


■Mmm 2 


354 


0.15 


91.1 


87 


24 


c 


^mm 3 


352 


0.10 


91.0 


85 


24 


c 


%mm 4 


352 


0.08 


91.5 


86 


25 


o 


-Mmm 5 


351 


0.10 


91.6 


86 


24 


o 




351 


0.09 


92.1 


86 


25 


o 


7 


352 


0.07 


92.0 


87 


25 


m& 


r 5^0E#j 8 


349 


0.08 


91.7 


83 


24 


o 


«i^J 9 


348 


0.09 


92.0 


84 


24 


o 


1MC*J 10 


351 


0.10 


90.8 


84 


25 


o 


ttmm i 


347 


0.06 


90.3 


86 


30 


met 




349 


0.04 


90.5 


79 


35 


o 


tt&fcl 3 


348 


0.03 


90.1 


74 


38 


o 


l±$!0fj 4 


344 


0.05 


90.2 


83 


37 


o 


ItttW 5 | 345 


0.05 


89.4 


85 


38 


o 
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[0238] ^i-3(D^^^^, itmrni^mum^ m&tmte) laottixi*^ 

*£*VCV NJfcV (D) i!A5tm^* (B) a>£>*JE££;tVtV IS^k^tV 

[0239] Jt«^92, 3<D^^#3|Sf-e^, MI&JC (D) <DT*^bit;»fi§ W<^S«£±0 

[0240] JfclfcflK 5(D^*|t^-e«, ^W^A^Iifni&^B) {CtB^f S*&^^#^E 

[0241] ^tb^i^b-c, mfoMi~7<D&mwft"£t&. ^yzfmm, Rxfmmm 
\%&(D^x&*&m(D&fei&m&mti>x\<^o *vx, z.tbb<D^mttn%m^ 

hnxi^ 0 

[0242] ^_h, *&m^m<Di^&m^xmm\zmmvjt&. ^mm&nmtmm&m 
n^t^<m^^m^^mxh^tumm^Kmh^xh^o 

5207^-mmm) \z.m^x&v, ^(D^w-mm^i^mm^fh^ 
[0243] ^m^<Dv^^r.7^mmmMmnnKxth^,m\^mm^&mK.^i. 6 g / c 

[0244] ^mm<Dv^j^^mmm^mun^m^mKxn^ ±m^^r. 
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m^mm 

tt©M^ii&f (e) tm^it^t-^m^w^ (a) A5tnm«&* (b) 

[2] (D) &3i1&mm-V3b% 

[3] M|0m^f*^^* (C) (D^yZfmm^O. 8g/cm 3 J^_h^f9 , BETit^ffi» 

^lmVg^-b, 5m 2 /g»T-C*^ XHHIilT (002) B^ffiKPBd #0. 33 

002 

60nm^T-efc^ 

o 

[5] mm^Wm^(A)(D?^mm^O. 80g/cm 3 .^_L, 1. 

, BETit^M/^0. 8m 2 /g^±, 5. SmVgJ^T^fc^ #^S^TO*£W6 
M mJ^_h, 80 /z m^T"C^ 

o 

[6] A3tli#&^ (B) ©BEmiSi^o. 3mVg^-h, 3m 2 /gWTt^^ f*» 

S^*»^3 ^ m j^_h, 30 ix m|^T-e^ 

o 

[7] mtm&omM (a) ^m-sm&sc (d) ©«d^dS3om*%«±, 97M% w 

o 

[si M&m-^Mi^* (o (a) <d§iji^35m%^_l. 
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o 

[9] mmw (e) kA&m®tf&M (b) ^hu— ©jsoisf^&fcs 

o 

[io] (g) Kmx-ztm^ m^m^u-^m^ (o ^if^^m^ 

o 

[11] ^ffiW^^IC£LTfiM£gl. 63 + 0. 05g/cm-ei&f$l,fZ.W&<DfeVt> 

So 

[13] ^yy^^^^3fi*%^T^^tv^M3|sf^MSbT#^^M#&^^tti 

m 3 ^_h, 1. 35g/cm 3 ^T-Cfc5|li&fC (D) £&il^U i^lA^Ucf, 

[u] ^yy^^^3m*%j^TT^tv^-J®^, rx<<?hit&i. 2j^_h, 4. o 

fiJLT-Cfc?), ^s^fl&fij&SO. 7g/cm 3 J^_h, 1. 35 g/ /cm 3 ^T-t?^m v »(D)^ 

^^IM^I* (A) srfEK-rs-^re. tv«cf^<b A3tlM&*tefc (B) ^ 

Mb, (a) ^ A5tsrp% v * (b) tzm-errz 
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[15] mmftt. &mnfc±\m&£tiitmmmbWRjLzbmz. 

[17] v^M^^m-nm^sm^jEmRxmrnt. mmnt^m^tm^ 
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